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GENERAL RADIO^ 


('.o\KK I*h<)T<m;k\imi 

Mruriiiriiif^ ViUralitHi on a I 'I'rnw lor with tlio Sonini'lji'vol Motor and Vihration Piokn(>. 


THE NOISE PRIMER 


•IN THESE DAYS OF SECRET 
DEVELOPMENTS ilion* is imirli 
t«MTiiii<‘al inforinalion uliifh raiiiioL Iw 
[nildished and many new developments 
wliieli eannot l»e atlverlised lor g^eneral 
sale. This is a gooil linn*, therefore, to 
provitle additional information eoveriii^ 
instriiiih'nts and teehniipies which were 
develo|NMl and known In^fore the war. 

With this issue, we Itejiin a short 
series of articles dealing with the 
measurement and analysis of acoiistit* 
noise and niechani(*al \ihration. To 
inan\ it will lie an ohi story, hut for a 
luimlK^r of industrial iis<*rs of (ieneral 
Radio soiiml ami \ihration measiirin;^ 
etpiipment it ma\ provitit* the answers 
to many id* their ipieslions. 

Rulletins 20 and 30 ("TTie Technique 
of Noise Measurement'* and "The 
TVchniqiie of Noise Analysis.*' res|R*c- 
tively) have lieeii in print for several 
years, and the (General Radio (ionqtany 


has also puhlished several other hulletins 
and Expvrimvutor articles covering the 
general subject. However, most manu¬ 
facturers of sound and vihration meas¬ 
uring equipment (and (General Radio 
is no exception) are inclined to overlook 
as obvious many small details of theory 
and procedure which haflie the unin¬ 
itiated. These articles are, therefore, 
both an a|M)logy for this "Vvervhodv- 
oiight-to-know-that*’ attitude and a 
real attempt tt> help the many who in 
the past have had no more reason to 
know about sound measurements than 
the communications engineer has had 
to know about blowers or turbines. 

Most manufacturers are convinced 
that customers never liother to read 
instruction hooks. Not to defeat their 
purjiose, then, these articles must of 
necessity Im* brief, and we only hiqie 
that we haven't left out anything of 
real im|K>rlance to you. 


PART I TO BUY OR NOT TO BUY 

{If \mi don't Intro n /iig/i ftrioritx mting^ roinliufi this port may Im' a tvasle of tiinr.) 


Treatises on sound and vibration 
measurements generally start with a 
long-v>inded discussion as to their im- 
|>orlance, but this is nov> so well known 
that we shall assume that you wouldn't 
Ik* reading this at all if you weren't 
convinced. We shall therefore dis[K*ns<* 
v\ith all unnecessary formalities. 

T'hc aura or mystery v\hich sur¬ 
rounded early sound measurements has 
gradually lH*en dissi|>ated. The long¬ 


haired scientist who waved the micro¬ 
phone. gazetl at the meter, went into 
a trance and came out with a lot of 
mysterious numlK*rs has gone, along 
v%ith the notion that ability to tolerate 
noist* is a mark of giant brain |M>vver. 
There is still plenty of work for the 
consultants—on problems of a temjM)- 
rary t»r unusually diduMdl 4*haracter, 
but all measurements connected with 
the normal development or nianufac- 
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EXPERIMENTER 


tun* of a |>ro<liirt an* now gi*iit‘rull\ 
rarri<*<l out liy ihi* maniifai’tiirer’ii own 
«*n^in«»«*rin*: or proiliirtion ^lafT. 

ir. in till* ilpsi^n. inutnii'artnn*, or 
salt* of your protliifls yon liavt* rojiii- 
larly to measiin* or to analyze iioih* 
or viliralion, yon or t)llif*rs in your 
organization sIhmiM In* alilr to niakt* tin* 
n!f*asnn‘ni(*nts «|iii<‘kl% ainl ar(*nrat<*l\. 
I'or sliortrr jol>s. yon nnist iialanrr tia* 
t’ost of tiu* t*(|inpint‘nt (wirM*li is now 
surprisingly low) and tin* lina* against 
tilt* |N>ssihlc* ronsnItantV f«*t*. Oni* iin|N»r- 
taiit thing to n*in(‘nilN‘r is that, oim* tIu* 
t*<piipni<‘nt is piin‘hasi*<l, yon havt* it. 
ainl it will also In* v«*ry iisi'fiiK |N‘rha|>s 
invahiahk*, on fiitiin* problems. 'I'Ik* 


il(*nianil for tpiietness and freedom from 
vibration is iN'eoming nion* insistent. 
Do not. therefore, assume that your 
presi*nt problems are only It'inporarv, 
or that yon will n<*v«*r havt* any nion* 
like them. Do m»t dt‘n\ \oiir ttrganiza* 
ti<»n tile advantages nt»w of somt*thing 
vtMi will pnd>abl\ net‘d evt*n iiiort* as 
time gties on. \oist* and vibration are 
rmt merely anno\anees whieh may 
affeet the sale of a prodiiel or Itiwer 
the edieiem*} t»f a worker. 'Fhey art* 
tifteii evitlenees of tlt‘ft*ets in tlesign anti 
mannfaettin* whieh serioiisl\ affeet the 
lift* t>f tiu* etpiipmt*nt anti in many t*ast*s 
the safetv of the nst*r. 


PART 1 

Similarity to Ear 

TTie sound-le\el meter t»r, as it is 
tifteii called, the noist* meter, is csst*n- 
tially a tie vice f<»r measuring the ampli* 
tilth* t>f rafiitl aitt'rnatitms in the air 
prt‘ssiire. It dtH*s imt measure the fre- 
tpient*), t»r pitch, at whit'li such altt*r- 
nations take plat‘e. VS hen thest* alterna¬ 
tions tK*t*ur within a certain range t>f 
fretpieneies they affect the ear ant] are 
kntiwn as '“Vniinr’ t»r 
"noist*.'’ TTie soiintl-level 
meter is intendetl, there- 
bin*, to prtivitlt* a simple 
mt*aiis of obtaining ob¬ 
jective measurements 
whieh t‘an In* etirrelatetl 
with the re.sptmse of tht* 
average ear 

Dtin't think that the 
soiiinl-level meter is fN*r- 
feet in this res|K’et. Not 
eiitnigh is now known 
uhoiit the ear to enable 
us to tliiplieate its re¬ 


THE SOUND-LEVEL METER 


s|Nms4* |N*rfeetly anti, even if it were, the 
iiec'essarv etpiipment wonitl Ik* t*oni- 
plieated. bnikv. anti ex|N*nsive. Fnrther- 
mtire, for manv engint'ering prtiblems the 
eonventionalizeil refiptuuse of the soiiiul- 
level meter is more iist*fiil than an exact 
ear resjMuisi* wtaihl Ik*, since the ear 
n*s|Nmse. by its eomplieateti natiin*. is 
nt>t subject tt> ^inJple mathematical t>r 
phvsical anaivsis. \s hmg a^ we rt'alizt* 

FloiJiK I. roiiloiirs for llii* avi-ru^i* rar.» 
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GENERAL RADI 


its liiiiitatioiis the sound-level meter is a 
most useful device, ami certainly the 
best thing for its purpose which can be 
devis«‘d al the present time. 

.\8 an example of the many compli¬ 
cated characteristics of the ear. Figure 1 
shows the familiar Fletcher-Munson 
curves, which an* constant-loudness con¬ 
tours of the average ear in terms of 
frecpiencv and lominess level. These indi¬ 
cate that the frequency-response charac¬ 
teristics of the ear are not constant, but 
vary with the loudness of the sound. For 
instance, at low sound levels the ear is 
relatively insensitive to low frequencies, 
but at high sound levels it hears them 
almost as well as the higher frequencies. 

The best known makes of sound-level 
meters are more or less alike. 'Fhey are 
all intended to follow the standards as 
set forth by the American Stamlards 
Assm’iation,^ and with the passing of 



lime all leading manufacturers have 
adopted similar mechanical and opt*rat- 
ing features. For most pur|K>ses they 
may be considered interchangeable, but 
in some few cases their readings will 
not Ik* identical, although the meters 
may all meet the standards. 

Microphone Limitations 

A glance al Figiu'e 2 will show one 
reason why' this is so. The tolerances, 
which may seem excessively wide to 
lhos<* previously unacquainted with 
acoustical measurements, are made 
necessary by the limitations in avail¬ 
able microphones. Most microphones 
were originally designed for use in the 
reproduction of music* and s{>eech and 
are not for purjioses of quantitative* 
measurement. There are many factors 
entering into the reproduction of 8|>eech 
and music (such as the ear. room acous¬ 
tics, and the pro[K*rlies (»f the instru¬ 
ments and voice) which make 
it useless to maintain an abso¬ 
lutely flat or smooth frecpiency- 
ampiitilde c haracteristic in the 
mic'rophone, particularly if it 
must Ih* obtained al the e\- 
|»ense of st*nsilivily cjr other 
desirable pro|K*rties. Hence the 


“loo iooo sooo 

rReOUtKV IN CYCCCS PtR SCCONO 

OVERALL FREE FIELD FREQUENCY RESPONSES 
AND TOLERANCES FOR SOUND LEVEL METERS 


riGluiK 2. Design olijcelivc? fre- 
qiieiiev-refi|KHiHe c'lirvc^s In'tween 60 
and HIKM) cyclc^t* for souinl-lcvel 
meters as ti|M‘eilied hy the Anieriean 
Standards Association (Bulletin 
/2t.3—1036). These standards do 
not s|»«*eify the response below 60 
c*yelc 9 . 'Fhe extendt*d curves repre¬ 
sent present practice as followed hy 
the (*eneral Radio 0»riipany in the 
Tyhk 7.S0.H Sound-Level Meter. 
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EXPERIMENTER 


rharacteristirB of slaiulanl mirrophont* 
tvpo» varv roiisifleralily from a straight, 
flat linr, partinilarly in tin* exlromr 
up|M.*r and lower parts of the aiidilile 
range. W Idle, in many eases, the miero- 
phones used for sound measurement ar<‘ 
improved in this resfieet over those 
f'oninionly us<‘d for broadcasting and re> 
cording, the |M*rfect microphone is yet 
to Ik* develofied, and present Ivin's all 
represent a compromise in order to get 
the l)est |M>ssilde combination of g<H>d 
fre(]uenc\ n'S|M>nse, stability, ruggeii- 
ness, and sensitivity. The tolerance 
curves of Figure 2 rcpresi'iil the maxi¬ 
mum tieviaturns from a given design 
objective to lut exfit'cted with the lu'St of 
present microphone types. So far as the 
electru’al circuits in the sound-level 
meter are <*oncerned, it is |H>ssihle to 
make thesi* follow any particular charac¬ 
teristic with a high degree of accuracy. 

I’he nucrophone, then, is the weakest 
link in the H)und-level meter, but the 
situation is aetiially much iM'tter than 
the tcderaiuv curves would seem to 
indicate. Figure 3 shows, in c«>lumn 2, 
the relative sound pressure in average 
nois4* for the various frecpiency hands 
tabulated in coliiinn I. It will Ik* noted 
that the high fre<juencies InM-ome pro¬ 
gressively less iin|M»rtant, so that for 
most pur|K>ses comj>onent.« alM»ve 3(M)(I 
cycles may Ik* omitted altogether with¬ 
out serious error. Since a sound-level 
meter, in order to meet the standards, 
must have a certain amount of res|K>ns«! 
up as fur as 8(KK) cycles, it follows that, 
for sounds of general character, it will 
read quite accurately, proviiling it has 
a gmid low'-fre»piency res|K)nse, which 
is much iiu»n* im(K>rtant. 

Flci'KK 3. (ilmrt of the relative runtrihiitUin 
to total noise level made by KNI-cycle baiidn 
over the fre€|ueney »‘|H‘etnim, bh olituimnl from 
analvtM*H of noises of a general eharueter. (From 
\.S. \. Riillelin /21.3 — l<).%.) 


t.)f coiirsi', there will always Ih* some 
S4iunds with strong com|Kinenls above 
.31 MX) cycles or at very low freipjencies, 
anti it is on this tyqie of sounti that the 
greatest errt»r will generally occur. The 
most serious discrepam*ies among dif¬ 
ferent meter ty|»es generally happen 
when a strong com|M>nent is at a fre- 
tpieiicy where on<* microphone has a 
valley in its res|Mmse curve while the 
other has a |M*ak. As an extreme, at 
8(MM) cycles a |M)ssible tlifTerence of 
1.5 deciU'ls couhl result from this cause 
alone with meters meeting the standards 
in every way. In actual practice, how¬ 
ever, differences even a fraction as large 
as this are uncoinmon, and occur only 
in exceptional cases. Also, errors from 
this cause may Ik* almost entirely elimi¬ 
nated tlu*ough the use of an analyzer and 
a calibrated microphone, as will b«' 
descril>ed later. 

A.S.A. Frequency 
Response Curves 

i\ow that vve know the worst that can 
<H*cur, we can forget it for a while and go 
on to more prac'lical and im|M>rtant as- 
|K‘cls of the sound-level meter. It should 
Ite noted that the curves in Figure 2 
U'ar a close n'semblance to those in Fig¬ 
ure 1 and were actually derived there- 
fnmi. Simx* the A.S.A. l•omnlittee real¬ 
ized that it was neither desirable nor 
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|»rariiral U) diipliratt* llie ear res|M>iiM‘ 
exaell), iLe eiirvcs for luf> re|»n*s 4 *iila- 
live le\eU ( 10 an<l TO <lb) v^ere laken 
fnun Fi^riin* 1, iiKHlified for raii(l<»iii free- 
lield reH|H)iis«‘ and siii<M»llied.’^ 'I’he (lal 
res|M>nse ((^) was a<ld(‘<l for use where 
iiieasiiretiienls «)f aetiial {diysh'al sound 
pressures were desired and at very liifjh 
H4jund levels, where ihe ear res|M»ns<‘ is 
fairly eoiisianl. 

In addilion. ihe A.S.A. slandards 
(Z2 I.3) define various terms and unils. 
SjUM-ify other loleranres. and Ih)w the 
tniero|ihone is to Ik* ealihraled. Many of 


these points will In* diseussed in later 
artieles. I'he standards are the result of 
some years* e\|H‘rienee in the design, 
inanufaeture. and us<* of souml-level 
meters, and are now in the prfx*ess of 
revision in some minor details. I'hese 
revisiiais are not of the nature that will 
make present ly|H*s (d meters obsolete, 
however, hut rather bring the standards 
more in line with what ean In* aeeom- 
plished in the pres4*nt state of the art h\ 
the leading manufaeturers. Comjdete 
information regarding the mmlifierl 
standards will Ik* supplied as soon as it 
is available. — II. II Sc:oTi 

{To Im> t'tmtinuvil) 


REFERENCES 

*‘riipn<< I'lirvr* nnt nuM iiicurptM-ulPil in llip Aiiinripuii SiaiiiinrtI fur Noiar \fpa»iimiirni, Hnllrliii /21.2 — 1*^12, puhlwhrcl 
!•% till* \mfrii'dii Stambnlr VoMM'idlinn. Tt p«l .Sirm, New i\. Y. (pricr 2.) I'niiU). nerr t»rigin«ll> pub- 

li.iirti in a |id|M*r b> llarvrt Fleirhrr ami A. MutiMui uf the Hell Telephunr l.alM>rMlurte* enlitlril **L*»u«ln«»a, It* Uef- 
inilMin. Mra-umnenl. anil (^Iptilatinn** anil piililulirtl in the Joiimdl i»f the \i'iiui>lii<al S«M’i«tv uf Ainerira. VoL VI. No. 2. 
pp. B2-inM. ( h’t., l<)33. Curve* of a aitnilar nalurr. ImiI baiteil on earlier data, were |iubli*hrd by B. A. Kinfabury. **A Oireel 
Cumpan-on of the l^uidnea* of Pure Tone-.*' Phyviiiuil Review. Vol. \\|\. p. .»88. 1927. 

1*lie tlrieher- \tuiiKua rtir\ iw were baeisl ini a |truu|i of indii iduaU wIumii later ra|iertenrv ha» Bhuwn to bave auinrwliat 
lietter than atrrafr bearinf. More rei'ent teat*, a- rr|iorte«l h> Ur. Fletcher, have imlirated that for the average perMui the 
ihrrahobi uf hearing U •oniewherr l•et«•eelt 10 and 2t* phunv. 

I^An»mt-an Tentative Standard- for .SNiiid-ljevrl Meter* for the MeaHurrmeril uf Nuiae and Other Sninda i.A.S. k. Hullrliii 
Z21..1 lO.lft). 

'*Tlip curve* in Figure 1 rriire*riil niea*iirentenla made on inie ear at a time (monaural) with a plane wave — that U. 
a wave •Iriking the ear at a *iiigle given angle. 'I'hr irregularitieo atuive l(NM) eyrin* arc due in large |iart to diffrartion 
elferte cauaed hy the ehapr of the head or llie miter ear. The curve* in Figure 2 have heen mudilied to duplicate a« nearlv 
av practical the rtviMinec of llu> car to *011111111 arriving cipiall) fnim all direction*. 'I'hc riniMithing allow* the curve* to he 
more cd.ilv duplicated hv vinipic electrical circuit* and i* ju-lilicd hy the fact that hinaiiral hearing eliminatcii many of 
ihe irrcgiiliirilie* prcHciit in the mirve* of Figure I. 


SUBSTITUTE BATTERIES FOR BATTERY-OPERATED 

EQUIPMENT 


• THE PRESENT DIFFICULTY 

ill obtaining new hatt«‘ri(*s ahovt* th<* rr- 
tpiirt'iiM'iits for piirn*nl instriimpiit pro- 
diit'littn has nptTssilalPtI a ciirtailrnt'iit 
of tiiir regular poli< % of maintaining a 
stork of rrplarrmrnts. and tis4*rs slitudd 
try tti )>ii\ tlit'in l<M*aiiy. 

riu* stamlanl hattrrirs rrt'onimrntlrd 
ftir fionrral Kadio instriimriits nia\ not 
In* a\aiiahi<‘ in soinr loralitics. Sidistitn- 
tions of tlifTt'rrnt t\(N*s or roinliinations 


of thfTrrenl ly|H*s art* i|uite |N*rmis.sihle if 
fvrlain pn'raiilions an* olisrrved. Thi* 
suhstitiitps must havf* tiu* sainr vtdtagp 
as lilt* slantlartl ty|N‘S and In* rapahle t>f 
tirlivrring as niiirh rurrrnl. Whrii ihrse 
an* moiintril pxlrrnally tin* Iraifs iisrd 
must In* at Irasl as large as the eonneet- 
ing leatls in the insiriiments. In some 
eases, shiehiing is neeessary. The hdlow¬ 
ing table shoiiiil In* helpful if the stand- 
artl batteries are not readilv availuhie. 
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SUBSTITUTE BATTERIES FOR BATTERY-OPERATED EQUIPMENT 


'Vypf* HtUtrrirs l*us!iUtlr Suhslittitvs 


119-A 

a% rmrifr 

I No. 6 Dry Oil 

Shortage unlikely. 

5A1-Ii 

Megohm Bridge 

2 No. 6 Dry OIU 

3 Burgesh .’>308 

Shortage unlikely. 

1 OO-volt hhak and 1 45- 
volt hlork, mounted ex* 
temaliy. 

AlH-B 

Beut-I‘Ve<|uencv 

2 No. 6 Dry OIIh 

Shortage unlikely. 

(Wiliator 

3 Burgesii 5308 

Any ]35*volt e<imliinalion. 
moiinteil externally, if 
nec<*s«ary. 

62.%A 

Bridge 

2 Burgei»H 2370 

Any 4..5-volt comhination; 
dry cells ore satisfactory. 


lm|M‘daiiec Bridge 

•i No. 6 Dry Oils 

Shortage unlikely. 

723-\ 

Vaeimm-Tiibe Fork 

1 Burgess IFA 

2 Burgeon Z30.N 

1 No. 6 dry cell, moiintetl 
externally. 

Any comhination su|i|ilying 
90 volts; leads must he 
shtirt. 

721-\ 

W avemeler 

1 Burgeskh I FA 

N<il r(‘conimended: any 
change in dimensions or 
loi'ation Hill affect the 
calihration. 

727-A 

Varuiim*'riihe 

3 Bnrgeiit* 2F (I..S>volt) | 

FAternal hatterit^ giving the 


Voltmeter 

2 Biirgens 9) 201*1 (30 v) . 

1 BiirgcHH VI .’>81* (7.5 vj ! 

same voltages can lie 
us<m1 . hut leads must he 
short. 

729-A 

Megohm meter 

1 BijrgeHs2F2ll (3 v) | 

2 Hurat^ V; .30BI* (22»>a, \ 

iSx) 1 

Si*e Type 727-A. 

759-A 

Soiiiid>I^*vel Meter 

2 Burgess IFA (1.5 v) | 

2 Burgess Z30N (>k5 v) . 

1 Burg«‘ss F2BF (3 v) 1 

If external liatteriirs are 
used, liattery Imix must he 
shielded and leads must 
he short. Buttery Imix 
sliield must he conmvtefl 
to instrument shield. 

7.39-B 

Soiind-I^vel Meter 

I Burgess O'l’AfiO 

If external hatteries are 
used, see Type 7.59-A, 
above. One us<«r has re¬ 
ported that two small 45- 
volt batteries and one 
1..5-yolt unit, Hindi will 
lit in the buttery com|iart- 
ment. can In* ohtain<‘<l at 
Scars-Boe buck retail 
stores. 

7W)-A 

Sound Analyzer 

3 Burgess Z.30N | 

4 Burgirss F2HV 1 

Sec Type 7.59-A. 

761-A 

Vi lira lion Meter 

1 Burgess 6TA60 

See Type 7.59-B. 

8II-AM 

Am|>liher 

2 No. 6 Drv Oils 

3 Burgess .5308 

1 Fvereatly 050 

Shortage unlikely. 

Any 135-volt iNimbination. 
Any 115-volt llashlight cell. 

K1I-\B 

Am|ililier 

2 Burgess IFA | 

3 Burgess Z30N . 

1 Burgess 2370 i 

Same as 'I’ype 81 4-.A, 
aliove. 
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ADDRESS CHANGES AND ADDITIONS TO THE 
“EXPERIMENTER" MAILING LIST 


• WE HAVE RECEIVED a nnin- 
ber of ('oinplaintH lately from Expert’ 
metiler readers who have not received 
the last few issues of the Exfterimenter. 

regret the dcday in making address 
changes and in adding neu names to 
our mailing list, hut tlie cause is entirely 
lH*yond our control. Owing to the press 
of other war work, the company that 
cuts our mailing list stencils is iinahle to 
give us deliveries better than 60 days. 

In some cases. Experimenters are 
delayed where no address change is in¬ 
volved. This is usually caused by a dam¬ 


aged stencil, which necessitates the 
cutting of a new one. 

We can only ask your indulgence, 
and we will do our liest to make the 
delay as short as possible. When your 
new stem’il is receiveil, back issues that 
you have missed will \tc mailed to you 
automatically. 

A number of reaclers w hose a«ldresses 
are continually changing liecause of war 
conditions are now having the Exfn^ri- 
menler s«*nt to their homes tf> lie for¬ 
warded. This is an extvlleiU way to be 
sure of receiving all issues. 


DISCONTINUED INSTRUMENTS 

In order to conserve materials and facilities necessary for the production of more 
urgently needed eipiipmenl, the following items have bt'cii discontinued: 

Typk 149-a Adjustable Atlenuator 
Type 71.T-HH Heal-Frecpiency (>s<'illator (Relay Rack Moilel) 

ITic T ype 71.T-RM ((Cabinet Model) is still in regular production. 


General Radio KXPERIMEiSTEK is mailed ivithoat char fie each 
^ month to enfiineers^ scientists^ techfticians, and others interested in 
conimnnivation^Jreifnency measurement ami control problems. If hett 
sending requests for subscriptions and address^chanfie ntftices, please 
supply the folloitinfi information: name,, comfHtny name, comfuiny afl- 
dress, tyf»e of business comfHtny is engaged in, anti title or position of 
individual. 


GENERAL RADIO COMPANY 
30 STATE STREET • CAMBRIDGE A, MASSACHUSETTS 
BRANCH ENGINEERING OFFICES 
90 WEST STREET. NEW YORK CITY 
1000 NORTH SEWARD STREET. LOS ANGELES. CALIFORNIA 



lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (800) 899-8438 • FAX: (516) 334-5988 





